INTRODUCTION
We report results of the magnetic experiments conducted on samples from Leg 37 of the Deep Sea Drilling Project. The objective of the experiments is to infer the domain state of the magnetic minerals of the oceanic Layer 2 basalts. The following magnetic properties were studied: Rayleigh loops in low fields; high-field hysteresis parameters at room temperature and at liquid nitrogen temperature; temperature dependence of low-field susceptibility k {k-T curves) and of high-field magnetic moment (A/-T curves); and the comparison of AF demagnetization characteristics of natural remanence with those of isothermal saturation remanence in the way suggested by Lowrie and Fuller (1971) . Samples were available from Hole 332B and Sites 334 and 335. Results of each experimental study are reported individually and a brief summary with conclusions is given.
EXPERIMENTAL RESULTS

Rayleigh Loops
Hysteresis loops in a field of 10 oe, usually called Rayleigh loops, were obtained using apparatus described by Radhakrishnamurty et al. (1969) . Radhakrishnamurty and Sastry (1970) observed open or constricted Rayleigh loops in many, especially Cenozoic, basalts and attributed them to the presence of interacting "very fine single-domain grains" with relaxation times of the order of experimental time, i.e., grains that lie in the superparamagnetic (SP) size range. Although Rayleigh loops may arise in other ways, e.g., from large multidomain (MD) grains, the loops in that case should have BH C /A values in the range 0.03 to 0.1 (Néel, 1955) , where A and B are the Rayleigh constants and H c is the bulk coercivity; such loops are too narrow to be observed with standard equipment. Radhakrishnamurty and Sastry point out that, since the BH C /A values (~20) for their samples showing wide loops exceed the theoretical MD values by two or three orders of magnitude, the actual loops are unlikely to be due to MD grains, a conclusion supported by Néel (1970) .
Based on low-field hysteresis, the samples available from Leg 37 can be grouped as follows (mainly as in Deutsch and Patzold, 1975) :
Type I: Open Rayleigh loops: only one sample (332B-11-1) showed this.
Type II. For all other samples, the Rayleigh-loop tracer produced a straight line; i.e., Rayleigh loops were absent. For most of these samples the slope of this line was relatively small, corresponding to low initial susceptibility, k (Type Ila). However, for five samples (332B-35-1, 4-7 cm; 332B-35-4, 23-30 cm; 332B-37-1, 126-128 cm; 332B-37-2, 102-105 cm; and 334-26-2, 4-7 cm) the slope and hence k are relatively large (Type lib). As will be seen, subtypes Ila and lib are distinct also in their high-field hysteresis behavior.
High-field Hysteresis
Hysteresis loops were also obtained in fields of the order of 1200 oe using apparatus described by Likhite et al. (1965) . Dunlop (1969) , Radhakrishnamurty et al. (1971) , and Lowrie and Fuller (1971) , among others, have all recognized the importance of hysteresis studies in knowing the domain structure of the magnetic grains in a rock. Radhakrishnamurty et al. (1972) have successfully extended hysteresis measurements of rocks to liquid nitrogen temperature, and, based on earlier theoretical and experimental work by Bickford (1950) , Bean (1955) , and Morrish and Watt (1958) , have developed "magnetic granulometric" experimental procedures which are quite useful in delineating the single-or multidomain character of samples and in some cases to identify the magnetic minerals in them. Using very similar procedures, we have obtained hysteresis loops for some samples of Leg 37 basalts both atj oom and liquid nitrogen temperatures. The results 7 r^ coercivity (H c ) and relative remanence (J s r/J r ) at both 20°C and -196°C are listed in Table 1 .
k-T and M-T Curves
Variation of susceptibility with temperature in the range of -196°C to 650°C was measured with an a.c. bridge (Patzold, 1972) in a low field of 0.31 oe. The M-T curves were obtained in air in fields of 1300 oe, using apparatus described by Deutsch et al. (1971) . Results are listed in Table 1 .
AF Demagnetization Characteristics and the LowrieFuller Test
In Lowrie and Fuller's (1971) test for distinguishing multidomain from single-domain carriers of remanence, use is made of the distinctive AF demagnetization characteristics of the two domain states. We have applied this test to eight samples of Leg 37 basalts. First, we demagnetized the NRM of the samples up to 900 oe peak field ( Table 2 ). The NRM is quite stable, the directional change being small in all cases, with median destructive fields of the order of 300 oe. The samples were then given IRM in fields of 8600 oe, after which this IRM was demagnetized in alternating fields, again to 900 oe. The results are presented in Table 2 and, for two representative samples, are shown in Figure 1 . For all the eight samples, this test showed that the remanence is carried by pseudo singledomain (PSD) or single-domain grains. DISCUSSION First we discuss two samples (332B-11-1 and 334-26-2) that showed quite exceptional behavior compared with all others. For example, they had the smallest Koenigsberger ratios (Q n = 2.1, 1.5) and largest kvalues (1.67 × 10~3, 4.22 × 10~3 Gauss/oe); in the other samples, Q n tended to be one or two orders of magnitude larger, and k one order of magnitude less. This was the only sample showing an open Rayleigh loop (Type 1). The k-T curves also are unique, with a spectacular peak on heating at 90°C, followed by very low k values and a lowered peak on cooling. As the loop parameters are similar to values reported by Radhakrishnamurty and Sastry (1970) of an SP fraction, as discussed earlier. The high-field hysteresis loops show a J r /J max value of 0.2 at 20°C, increasing to 0.6 at -196°C along with an order-ofmagnitude increase in H c . These increases seem to reflect passage of the material through the Verwey transition, indicating SD magnetite or titanomagnetite as the main carrier; this conclusion is compatible with the same material being largely superparamagnetic at 20°C. Possibly the increased size of the hysteresis loop at 20°C after heating and t"he irreversible features of the k-T and M-T curves all can be explained by conversion of SP into SD particles due to grain growth or oxidation during heating. "Type I" behavior very similar to that described above was observed in Leg 34 basalts (Deutsch and Patzold, 1975) , where the majority of the samples produced Rayleigh loops which were explained on the SP model; they showed an excellent one-to-one correlation with k-T curves and high-field hysteresis loops of the kind shown in Figure 2 .
A polished section made of this sample was observed under an optical microscope (up to X1000) showing that coarse magnetite or titanomagnetite grains with diameters of several hundred microns, typically ~300 µm, are ubiquitous, though (titano)magnetite grains down to a few microns in size were also found. This finding is similar to that of Ade-Hall and Johnson (1975) , who observed characteristically coarse-grained (titano)magnetite in Leg 34 basalts yielding Type I properties. At first sight these results seem to call for -36-5, 120-122 cm) and 35 (335-6-1, 89-91 
cm). Right. Directional changes of NRM of the two samples during AF demagnetization plotted on a Wulffs net.
linking of observed VRM and other Type I properties in basalts with multidomain (MD) structure, as indeed several authors have done. Against this we argue that the entire SP-SD range is suboptical, so that interpretation of domain structure based on optical (probably even electron) microscopy can be misleading: microscope studies cannot rule out the possible presence of very fine subdivisions in the observed coarse magnetite grains, or of single-domain grains or both. We conclude that the SP model favored by us in explaining the "Type I" properties of Sample 332B-11-1 is not contradicted by the optical findings. The k peak in Figure 2a constitutes a susceptibility enhancement analogous to Dunlop's (1974) mechanism where high-temperature Hopkinson peaks point to deep-seated induced anomaly sources. In Leg 37 basalts, with only one sample of this type found, this effect is probably unimportant.
Sample 334-26-2 ( Figure 3) This sample gave strikingly different results from the sample previously discussed. The k-T curve clearly indicates multidomain magnetite (Radhakrishnamurty and Deutsch, 1974) , showing near-reversibility, an abrupt drop of k at the Curie temperature, and a peak near the Verwey transition (-155°) that would be suppressed in single-domain magnetite due to shape anisotropy. The M-T curve, being obtained on a powder instead of the disc used in k-T experiments, indicates oxidation of original magnetite (titanomagnetite) to hematite, with higher T c (630°C) and a depressed cooling curve. This is also consistent with an original large-grain or multidomain state (Feitknecht and Gallager, 1970) . There is no Rayleigh loop and the high-field loops at 20°C and -196°C are very similar. However, both H c and J r /J max of purely multidomain magnetite (titanomagnetite) should be very small at either temperature, though larger at -196°C, whereas stoichiometric single-domain magnetite would have produced at room temperature a loop with JJJ max of 0.5 and at -196°C a loop similar to that in Figure 2c (middle diagram). Thus the k-T curves and the hysteresis loops indicate that this sample probably contains MD magnetite as well as strongly cation-deficient SD or PSD magnetite. After heating (Figure 3 , bottom), H c increased moderately, probably due to some oxidation.
"Type II" Behavior
The k-T curves on 11 additional samples (Table 1) are different from the "SP" and "MD" curves ( Figures  2a, 3a) by peaking initially at intermediate temperatures (~200°-500°C) and by their pronounced irreversibility. Despite large sample-to-sample variations in the location and height of the k peaks, two main kinds of heating curves appear: In Samples 332B-37-2, 102-105 cm (Figure 4a ) and 332B-42-1, 13-15 cm, k rises continuously to a single broad peak near 450°C, while Figure 4a (Sample 335-6-1, 105-107 cm) typifies heating curves having two main peaks, shown also by Samples 332B-22-4, 48-50 cm; 332B-35-2, 91-94 cm; 332B-35-3, 28-31 cm; 334-20-1, 114-116 cm; 335-6-1, 112-114 cm; and 335-6-1, 129-131 cm (Table 1) , though not all these have a split peak at high temperature.
Type Ila: A grouping into Subtypes Ha and lib, based on relatively smaller and larger k values measured by Rayleigh-loop tracer, was noted earlier. For Type Ila samples, the high-field hysteresis loops at room temperature typically (Figure 4c, bottom, upper loop) showed large H c and J r /J max ratios close to 0.5, indicating SD magnetite or titanomagnetite, with both H o and J r /J m&× increasing substantially below the Verwey transition (lower loop). The pronounced irreversibility shown by the k-Tand M-T heating-cooling curves, and the upswing of the k-T cooling curve with decrease in temperature below 0°C, all suggest that relatively unoxidized SD material (as indicated by the hysteresis loops) has become (more) cation-deficient due to heating (Radhakrishnamurty and Deutsch, 1974, figure 3 ).
Type lib: Behavior similar to that shown in Figure 4 was observed in most other samples studied by us, except for the following cases: Samples 332B-35-1, 4-7 cm; 332B-35-4, 23-30 cm; 332B-37-1, 126-128 cm; 332B-37-2, 102-105 cm; and 334-26-2, 4-7 absence of the Verwey transition in magnetite have been noted in high-field hysteresis experiments with basalts by Radhakrishnamurty et al. (1971) and an explanation in terms of cation-deficiency has been proposed (Radhakrishnamurty and Deutsch, 1974, fig. 2b ). Figure 1 shows the results of some of the experiments performed on Sample 332B-37-2, 102-105 cm. The presence of a cation-deficient phase is suggested also by the shape of the k-T heating curve, in particular by the decrease in susceptibility as the sample is heated from -196°C to room temperature. The large slope of the low-field hysteresis trace is evident.
SUMMARY AND CONCLUSIONS
We have conducted two types of tests on Leg 37 basalts to infer the domain state of the magnetic minerals contained. The first one involved a measure of the bulk magnetic properties of the rock and included both the susceptibility and hysteresis measurements. The second approach involved a study of the remanence carriers through the Lowrie-Fuller test. Not surprisingly, the Lowrie-Fuller study and most of the hysteresis measurements indicated that the remanence carriers of the samples are of a single-domain nature. On the other hand, low-field susceptibility measurements tend to show up preferentially any magnetic instability, and for this reason the k-T curves sometimes indicated different bulk magnetic properties from those inferred on the basis of hysteresis measurements. These apparently conflicting results can be reconciled only by invoking the presence in these basalts of mixtures of grains.
With a single exception, where an MD magnetite fraction was clearly indicated, the magnetic carrier in these samples was identified as pure or cation-deficient single-domain magnetite or titanomagnetite. One sam- pie only showed behavior attributable to grains in the superparamagnetic size range.
